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Abstract
Freight deliveries on signalized urban streets are known to cause lane blockages during delivery. Traffic 
congestion associated with urban freight deliveries has gained increasing attention recently as traffic 
engineers and planners are tasked with finding solutions to manage increasing demand more sustainably 
with limited road capacity. The goal of this research is to evaluate two models for quantifying the ca-
pacity and delay effects of a lane blocking freight delivery on a signalized urban street. The two methods 
are: an all-or-nothing model similar to methodology used in the Highway Capacity Manual 2010 
(HCM2010) and a detailed analytical model consistent with kinematic wave theory. The purpose is to 
provide insight on the use of these tools for analysis of urban freight delivery policy. The results of the 
two models are compared with each. A simulation of 8th Avenue in New York was created based on 
freight delivery conditions from a recorded six-hour period, and the simulated results confirm the effect 
of delivery location on capacity and delay. The results show that the methods from the HCM2010 to 
account for the effects of buses stopping for passengers provide only a coarse representation of the 
capacity and delay effects of urban freight deliveries. The more detailed approach that accounts for the 
dynamics of queuing provide closed form analytical formulas for delay and capacity that can account 
for varying locations of deliveries, long delivery durations, and different impacts on different lane 
groups.
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1 Introduction
Freight deliveries are known to disrupt traffic on urban arterials. Traffic congestion associated with 
urban freight deliveries has gained increasing attention in recent years as traffic engineers and planners 
are tasked with finding solutions to manage increasing demand in a more sustainable way with limited 
road capacity. Although trucks make up only a small percentage of vehicular traffic (6% of vehicles on 
urban freeways), they incur a greater proportion of the total cost of delays (26% of total cost) (Eisele et 
al., 2013). Emerging discussion of policies to shift deliveries to off hours are intended to mitigate the 
impacts of on traffic congestion.
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The effects of truck deliveries in urban networks can be generally separated into two categories: 1) 
the effect of heavy vehicle in the traffic stream on the flow of vehicles, and 2) the effect of truck delivery
stops on traffic flow when lane blocking occurs. The first category of effects has been analyzed more 
extensively in the literature. Some studies have made use of traffic simulations to account for the effect 
of trucks in the traffic stream (Benekohal and Zhao, 2000; Ukkusuri et al., 2015). Other studies have 
made use of empirical field measurements along with calibrated traffic simulations (Skabardonis et al., 
2014). A significant synthesis of the effects of heavy vehicles in the traffic stream was published in 
NCFRP Report 31 (Dowling, et al., 2014). The report summarizes the effect of trucks on mid-block 
arterials speeds and presents improved methods for calculating truck passenger car equivalent factors 
for capacity analysis of signalized intersections. These methods do not account for blockages caused by 
parked trucks. 
The effect of freight delivery stops that block lanes of traffic on arterial capacity and intersection 
delays has received less attention in the literature. Han et al. (2005) conducted a GIS-based investigation 
of the extent and order of magnitude of double parking disruptions for pickup and deliveries across the 
U.S. Other recent studies have considered the problem of truck parking for deliveries from the perspec-
tive of the carrier (Kawamura et al., 2014; Tipagornwong and Figliozzi, 2015; Zou et al., 2015). Other 
studies have identified many of the characteristics of delivery patterns and businesses on urban streets
(Cherrett et al., 2012; Ahrens et al., 1977). Very few investigations of the effect of parked trucks on 
intersection capacity have been conducted, and they have not provided a comprehensive analytical ap-
proach for estimating capacity and delay (Habib, 1981).
A growing body of research has investigated policies to encourage the schedule of deliveries in urban 
areas during off-peak hours (Holguin-Veras, Wang, et al., 2006; Palmer and Piecyk, 2010; Su and 
Roorda, 2014; Fioravanti et al., 2015). Although a major motivation for off-hour delivery programs is 
to reduce traffic congestion, most of the analysis focuses on the experience from the perspective of 
agencies or the delivery drivers, who are able to travel at greater speeds during lower traffic periods 
(Holguin-Veras, Perez, et al., 2006; Holguin-Veras et al., 2008; Silas and Holguin-Veras, 2009). The 
challenge is to convince receivers to schedule off-hour deliveries, which in many cases requires paying 
an employee of a store to stay after normal business hours or make special arrangements for the delivery 
to be made in the absence of someone to receive the delivery (Holguin-Veras et al., 2007). Programs to 
reduce traffic congestion by managing urban freight are limited (Crainic et al., 2004; Yannis et al., 2006).
A trial off-peak delivery program in New York City paid businesses approximately $2000 to receive 
shipments during off-hours rather than normal business hours for a month; carriers were paid $300 to 
participate in the trial (Holguin-Veras et al., 2011). Evaluations of the congestion and reliability effects 
of the off-hour delivery program in New York required extensive simulation analysis but did not include 
the impact of lane blocking during delivery (Ukkusuri et al., 2015). Being able to quantify the effects of 
urban freight deliveries on the performance of signalized streets would be useful for evaluating urban 
freight delivery policies that may attempt to reduce, relocate, or reschedule urban freight deliveries.
The goal of this research is to develop models for the effect of freight deliveries on capacity and 
vehicle delay on a signalized urban street based on fundamental traffic flow theory. The 2010 Highway 
Capacity Manual (HCM2010) does not provide any guidance for urban freight deliveries, but double
parked delivery vehicles may have a similar effect as two types of lane blockages: buses stopping to 
board and alight passengers, and vehicles making parallel parking maneuvers. This paper presents a 
modification of the existing HCM2010 methodology in which a stop either blocks an entire lane or has 
no effect. This is compared with a more detailed model of capacity and delay using kinematic wave 
theory (Lighthill and Whitham, 1955; Richards, 1956).
The paper is organized as follows. First, a simple method for calculating capacity and delays based 
on the HCM2010 methodology for accounting for stopping buses if presented. A model for arterial 
capacity based on kinematic waver theory is then presented, followed by a procedure for calculating 
intersection delay based on the dynamics of queuing when a delivery vehicle blocks part of the street 
upstream of a signalized intersection. A comparison of the two methods reveals that the HCM2010 
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methodology provides only a coarse indication of the effect of a freight delivery on capacity and delays, 
and there are some situations in which it will overestimate delays while there are other situations in 
which it will underestimate delays. Simulation is then used to confirm the relationship between delay 
and delivery location. Lastly, a qualitative description of field observations of urban freight deliveries 
is presented in order to characterize the relevant features of the problem that should be addressed in 
more realistic analytical models of capacity and delay.
2 Existing Highway Capacity Manual Methodology
We start be reviewing briefly the capacity and delay calculations for a signalized arterial without any 
blockage. Then, a method is introduced for quantifying the capacity and delay when freight deliveries 
block traffic based on the HCM2010 methodology for bus stops. We call this method the “All or Noth-
ing” model, because a delivery stop is either treated as blocking the entire lane of traffic or not, depend-
ing on the location.
2.1 Capacity and Delay for an Unblocked Street
We consider an arterial street controlled by a signal at the downstream end. As an example, we consider 
a street that serves two lane groups: a lane group for through moving vehicles and another lane group 
for shared right turns. Saturation flow rates are adjusted based on the geometric and traffic related factors 
as described in Chapter 18 of the HCM2010, including lane width, ௅ܹ, and the percent heavy vehicles.
Using the lane group methodology, the exclusive through lane(s) and the shared right-turn lane form 
two different lane groups. The exclusive through lane does not receive any saturated flow rate adjust-
ment for turning movements, and the saturation rate is ݏ௧. The shared right-through lane must account 
for the effect of right turns on saturation flow rate using equation 31-61 from the HCM2010:
ݏ௦௥  =
ݏ௧
1 + ோܲ(ܧோ  െ  1) 
(1)
where ݏ௦௥ is the saturation rate for the shared right-turn lane, ݏ௧ is the saturation rate of a through lane, 
ோܲ is the proportion of right turning vehicles in the shared lane, and ܧோ is the equivalent number of 
through cars for a protected right turn (default value 1.18). Figure 1 shows an illustration of a two lane 
street of length ܮ with the vehicle arrival rate on the through lane of ௧ܸ and the vehicle arrival rate on
the shared right turn lane of ௦ܸ௥.
Each lane group’s capacity is calculated based on the saturation flow rate and signal phasing. For a 
pretimed traffic signal, the capacity of the through lane, ܿ௧, and the capacity of the shared right-turn 
lane, ܿ௦௥, are given by HCM2010 equation 18-15:
ܿ௧ = ݏ௧ ௧ܰ݃/ܥ (2)
Figure 1: Example street without any freight blockage
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ܿ௦௥ = ݏ௦௥ ௦ܰ௥݃/ܥ (3)
where ௧ܰ is the number of lanes in the exclusive through lane group, ௦ܰ௥ is the number of lanes in the
shared right-turn lane group, ݃ is the effective green time, and ܥ is the cycle length.
In order to calculate the delay for each lane group, the distribution of arriving through vehicles to 
the through lane group and the shared right-turn lane group must be determined. A methodology is pre-
sented in Chapter 31 of the HCM2010 to identify the values of ݒ௧ and ݒ௦௥ in units of vehicles per hour 
so that the arrival flow to saturation flow ratio in each lane group is balanced. Assuming that we know 
ݒ௧ and ݒ௦௥, the control delay at the intersection is calculated for each lane group using equation 18-20:
݀ =
0.5ܥ(1െ ݃/ܥ)ଶ
1െ (min{1,ݒ/ܿ}݃/ܥ)
(4)
This delay formula is consistent with Queue Accumulation Polygon (QAP) illustrated in Figure 2
for the through lane group, which shows the intersection queue growing during the red signal and re-
ceding during the green signal.1 This approach is introduced here, because we will see that the QAP is 
useful for modifying the delay calculations when a freight delivery blocks part of the flow.
A final relevant characteristic of the queuing at the intersection is the maximum extent of the queue, 
which is the furthest distance that the bottleneck reaches upstream of the intersection. The time it takes 
for the queue to clear after the signal turns green, ݐ௦, is given by
ݐ௦ =
ݍ(ܥ െ ݃)
ݏ െ ݍ
(5)
The calculation of the length of queue follows from the geometry of the figure, and it can be expressed 
in units of distance from the intersection stop bar by dividing by the number of lanes, ܰ, and the jam 
density of vehicles per distance, ௝݇.
ݔ஻ொ =
ݍ௦௥(ܥ െ ݃ + ݐ௦)
ܰ ௝݇
(6)
When the arrival rate of a lane group fully saturates the intersection, the location of the back of the queue 
may be denoted by ݔ௚௠௔௫, which is obtained by evaluating (6) with ݐ௦ = ݃.
                                                          
1 The arrival flow is labeled ݍ =  ݒ/3600, which converts the units of arrival flow from vehicles per hour to vehicles per 
second.
Figure 2: A queue accumulation polygon for calculating uniform control delay
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2.2 All or Nothing Model of Capacity with Freight Delivery
The nearest treatment of lane blockages in the HCM2010 are the guidelines for stopping transit vehicles 
presented in Chapter 18. This methodology is adapted here to freight delivery vehicles in a model that 
we call “All or Nothing,” because the freight vehicle is assumed to either block the entire lane up to the 
intersection stop bar or have no effect on traffic at all.
A threshold distance is used to determine if the location of a stopped truck is close enough to an 
intersection to cause a reduction in the saturation flow rate. In the HCM2010, buses are assumed to 
reduce the saturation rate to zero while the lane is blocked if the location of the stop is within 250 ft 
(76.3 m) of the upstream or downstream intersection. The saturation rate over an analysis period is 
estimated by averaging the saturation rate based on the time that the lane is blocked or unblocked. Rather 
than use an arbitrary threshold distance, we propose to define the threshold in terms of the maximum 
length of the queue when the intersection is at saturation. The average capacity of the blocked shared 
right-turn lane is given by
ܿ௦௥,ௗ௟ = ൜
ݏ௦௥݃/ܥ, if ݔ஽ ൒ ݔ௦௥,௚௠௔௫
ݏ௦௥,ௗ௟݃/ܥ, if ݔ஽ < ݔ௦௥,௚௠௔௫
(7)
where ݔ஽ is the location of the vehicle delivery, and ݏ௦௥,ௗ௟ is the average saturation rate for shared right-
turn lane, which depends on the duration of blockage, ݐௗ, and the duration of the analysis period, ܶ.
ݏ௦௥,ௗ௟ = ݏ௦௥(1െ ݐௗ/ܶ) (8)
Figure 3 provides an illustration of the effect of the delivery vehicle while the lane blockage occurs. The 
arrival rates in each lane group, ݒ௧,ௗ௟ and ݒ௦௥,ௗ௟, are assumed to balanced based on the method described 
in Chapter 31 or the HCM2010.
2.3 All or Nothing Model of Delay with Freight Delivery
The delay is calculated using the same approach as in the baseline conditions case, except that the lane 
group capacity is revised to ܿௗ௟ as calculated in (7). Now that the saturation flow rate of the blocked lane 
is lower than in the base case, the arrival demand rates are adjusted for all lane groups as well. Therefore, 
(4) is revised for the All or Nothing model as follows:
݀ௗ௟ =
0.5ܥ(1െ ݃/ܥ)ଶ
1െ (min{1,ݒௗ௟/ܿௗ௟}݃/ܥ)
(9)
Figure 4 shows the QAP diagram for a lane group with the All or Nothing model. The arriving demand 
and the service rates both differ from the unblocked case in order to account for the effect of the freight 
delivery.
Figure 3: A delivery using the All or Nothing model and associated parameters
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3 Detailed Analytical Model of Freight Delivery on an Arterial
We now present an analytical model that is developed to address some of the shortcomings of the All or 
Nothing model. Actual deliveries may occur at varying locations along the block, and the lane may not 
be completely blocked during a delivery. The space in front of a delivery vehicle can be used by queued 
vehicles, which enables the signal to discharge at least part of the queue at the unblocked saturation rate. 
In order to account for these dynamics on the street, a model that is consistent with kinematic wave 
theory is needed in order to recognize the spatial extent of queues and the periods of time when an
intersection can serve vehicles at the unblocked saturation rate as well as the times when flows are 
restricted by the delivery vehicle.
3.1 Detailed Model of Capacity with Freight Delivery
Rather than completely blocking the shared right-turn lane, we suppose that a parked delivery vehicle 
blocks part of the street leaving a width ݓథ, which in this example is any remaining width of the blocked 
and the adjacent through lane. The remaining unblocked width has a combined saturation flow of ݏథ for 
all traffic passing the double parked vehicle. Therefore, the delivery vehicle creates a second bottleneck 
that is distinct from the intersection itself and separated from it by the distance ݔ஽. Figure 5 provides an 
illustration of traffic on this street, which shows that the road space in front of the delivery vehicle may 
be used for queue storage, and the intersection capacity is the same as in the unblocked case.
Unlike the previous models, there are now two saturation flows that are relevant to the service of 
traffic on this section of arterial. The first is the saturation rate for the vehicles that are queued down-
stream of the stopped delivery vehicle, which is the same as the unblocked lane group’s saturation rate. 
The second is the saturation rate for the vehicles queued behind the delivery vehicle, which is the share 
of the vehicles for the shared right-turn lane group that are able to make it past the vehicle. Therefore, 
the saturation rate for the shared right-turn lane group during a delivery is
ݏ௦௥,ௗ௟ = ൝
ݏ௦௥, for vehicles queued at locations ݔ < ݔ஽
ݏథ
ݒ௦௥
ݒ௧ + ݒ௦௥
, for vehicles queued at locations ݔ ൒ ݔ஽
(10)
Figure 4: A queue accumulation polygon for a lane group in the All or Nothing model
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It is required to know the expected arrival rates vsr and vt before applying (10), these can be found 
by using 
ݏ௦௥,ௗ௟ = ݏథ
ݏ௦௥
ݏ௧ + ݏ௦௥
(11)
initially while the balancing lane group arrival rates with the procedure found in Chapter 31 of the 
HCM2010. In many cases the resulting saturation flow rate found using (10) will equal the correspond-
ing lane group flow rate in (11), however in some cases high turning movement ratios will cause (10) 
and (11) to yield different saturation flow rates for vehicles passing through the delivery bottleneck. 
In order to determine the capacity of the arterial segment, the problem is now to determine how long 
the intersection can discharge vehicles that are queued downstream of the stopped delivery vehicle and 
how much time remains to discharge vehicles queued upstream of the delivery vehicle. The duration of 
flow from the queue downstream of the intersection at the first saturation rate, ݐ௦௥, will be limited by the 
minimum of four values:
1. The time it takes to serve the queued vehicles if the space between the intersection and the 
stopped delivery vehicle at ݔ஽ is filled with queued cars, ݐ௫ವ,௦௥.
ݐ௫ವ,௦௥ = ݔ஽ ௝݇/ݏ௦௥ (12)
2. The time it takes to serve the maximum length of queue that is possible to develop in the 
lane, ݐோ,௦_థ, given the effective red time, the arrival rate through the delivery bottleneck, 
and the queue service time.
ݐோ,௦థ =
(ܥ െ ݃)ݏథ
௤ೞೝ
௤೟ା௤ೞೝ
max ቄݏ௦௥ െ ݏథ
௤ೞೝ
௤೟ା௤ೞೝ
, 1ቅ
(13)
where the arrival flow is labeled ݍ௦௥  =  ݒ௦௥/3600, which converts the units of arrival flow 
from vehicles per hour to vehicles per second.
3. The time it takes to serve the maximum queue if the arriving traffic in one or more adjacent 
lanes develops a queue that prevents flow through the bottleneck and therefore limits the 
size of the queue in the lane under analysis
ݐ௤೟ =
ቀ
௫ವ௞ೕ
௤೟
ቁ ݍ௦௥
ݏ௦௥
(14)
4. The length of the effective green phase, ݃.
Figure 5: A delivery in the Detailed model that accounts for traffic using the lane in front of the stopped vehicle
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After the queue in front of the bottleneck is served, the remaining portion of the effective green 
serves vehicles at the second saturation flow rate of the lane group. This remaining time interval, ݐథ, is 
found by subtracting the time required to clear the queue in front of the bottleneck from the effective 
green time. Thus, the capacity of the shared right-turn lane is given by
ܿ௦ೞೝ,ௗ௟ =
1
ܥ
൬ݐ௦௥ݏ௦௥ + ݐథݏథ
ݍ௦௥
ݍ௧ + ݍ௦௥
൰ (15)
ݐ௦௥ = min ቄݐ௫ವ,௦௥, ݐோ,௦ഝ , ݐ௤೟ ,݃ቅ (16)
ݐథ = ݃ െmin ቄmax{ݐ௦௥, ݐ௧}, ݐோ,௦ഝ ,݃ቅ (17)
The distinction between ݐ௦௥ and ݐ௦௧ in (17) is important in order to account for the possibility that one 
lane group clears after the other, continuing to block the queue behind the delivery vehicle. The capacity 
of the through lane follows from the same calculation, except that the subscripts ݏݎ and ݐ are reversed 
in every instance.
3.2 Detailed Model of Delay with Freight Delivery
In the Detailed model, it is no longer sufficient to use the average capacity in order to calculate delays 
with (9), because the queue dissipates at different rates over time as described in Section 3.1. There are 
two important distinctions from the All or Nothing model. First, the delay within a cycle is calculated, 
recognizing that the queue in front of the delivery vehicle will be served at a greater saturation rate than 
the queue behind the delivery vehicle. Second, the total delay during an analysis period is calculated by 
averaging together the delays associated with blocked and unblocked cycles rather than calculating a 
single average capacity and calculating an average delay based on the average capacity.
A stopped delivery vehicle will not increase delay over the unblocked case unless the arriving vol-
ume exceeds the saturation flow rate at the bottleneck location or the location of the delivery vehicle
interferes with the back of the queue location in unblocked conditions. The former case would result in 
a persistent bottleneck at the delivery vehicle and will not be addressed in this analysis. The latter case 
implies that when the bottleneck can accommodate the volume demand, increased delay is dependent 
upon the relationship between the location of the delivery vehicle, the traffic arrival rate, and the signal 
timing.
The queuing delay can be accounted for with a QAP diagram that is constructed for each lane group. 
Figure 6 shows an example for the shared right-turn lane group. The arriving demand is the same as 
before, but the clearance of the queue during the green phase depends on the durations ݐ௦௥ and ݐథ as 
calculated in (16) and (17). The area of the polygons provides a measure of the uniform control delay 
associated with the intersection with the freight delivery blockage following the general form of the 
QAP calculation from equation in the HCM2010,
݀ௗ௟ =
1
2݃ܥ
෍(ܳ௜ିଵ + ܳ௜)ݐ௜
ଷ
௜ୀଵ
(18)
where ܳ଴ =  0 ; ܳଵ = ݍ௧ݐଵ ; ܳଶ = ܳଵ + (ݏ௦௥ െ ݍ௦௥)ݐଶ ; ܳଷ = 0 ; ݐଵ = ܥ െ ݃ ; ݐଶ = ݐ௦௥ ; and ݐଷ =
ொమ
௦ഝ
೜ೞೝ
೜ೞೝశ೜೟
ି௤ೞೝ
 as shown in Figure 6.
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4 Comparison of Modeling Approaches
The modeling approaches presented in Sections 2 and 3 provide different ways to estimate the street 
capacity and the delays on signalized arterials with freight deliveries. In order to compare these methods, 
we first present a comparison of the estimated capacity using the two methods. Then we present a nu-
merical example that reveals the differences between the delay estimates.
Figure 7 shows plots of the capacity values calculated using (7) and (15). The distinct difference is 
that the All or Nothing approach is binary; for a delivery closer to the intersection than ݔ௚௠௔௫, a single 
reduced capacity value is used. The Detailed model shows that the capacity increases linearly as the 
location of the delivery moves away from the intersection. In theory, for deliveries located further from 
the intersection than ݔ௚௠௔௫, both models show that the stopped vehicle has no effect on intersection 
capacity, although driver willingness to use the space in front of the delivery vehicle may prevent this 
from being so, as will be touched upon later. These models can be interpreted as bounds for the capacity 
of the shared right-turn lane during a signal cycle when a vehicle delivery is being made. The All or 
Nothing model provides a lower bound, assuming that the shared right-turn lane group is completely 
blocked during the delivery. The Detailed model provides an upper bound, assuming that vehicles fully 
utilize the street space in front of the delivery vehicle. In reality, driver behavior may result in an ob-
served capacity somewhere between these two bounds.
A numerical example is used to provide a comparison between the delays estimated using the two 
methods. The input parameters for the numerical example are summarized in Table 1. The example used 
the same two lane street presented in sections 2 and 3. When there is no delivery on the link, the average 
vehicle delay is 9.9 seconds per vehicle at the intersection based on (4). This is the baseline delay against 
which additional delays associated freight deliveries are compared.
Looking at a single signal cycle while a delivery is occurring, Figure 8 shows how delay per vehicle 
relates to the location of the stopped delivery vehicle for the All or Nothing model and the Detailed 
analytical model. Like the capacity estimates, the models are only in agreement when the delivery ve-
hicle is at the intersection or further upstream than ݔ௚௠௔௫. The orange curve shows how delays diminish 
as the distance from the intersection to the delivery vehicle, ݔ஽, increases. When looking only at a single 
cycle during which a freight delivery blocks part of the street, the All or Nothing Model provides a 
conservative worst-case estimate of delay, while the Detailed model shows that the actual delays may 
in fact be much less.
Figure 6: A queue accumulation polygon for a lane group in the Detailed model
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Figure 7: Comparison of capacity during a blocked signal cycle using the two methodologies presented
Figure 8: Comparison of delay during a blocked signal cycle using the two methodologies presented
Table 1: Inputs for a Numerical Example
Variable Value Units
Cycle Length, ܥ 60 sec
Effective Green, ݃ 30 sec
Arrival Rate, ߣ 900 veh/hr
Jam Density, ௝݇ 264 veh/mi
Baseline Saturation Flow Rate for Shared Right-Turn Lane, ݏ௦௥ 1,834 veh/hr
Baseline Saturation Flow Rate for Exclusive Through Lane, ݏ௧ 1,900 veh/hr
Saturation Flow Rate at Delivery Vehicle, ݏథ 1,900 veh/hr
Block Length, ܮ 400 ft
Baseline Length of Queue at Saturation, ݔ௚௠௔௫ 317 ft
Baseline Length of Queue for ߣ, ݔ஻ொ 96 ft
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An additional aspect of the delay analysis is to consider how delays caused by blocked lanes are 
impacted over the course of an analysis period, such as an hour, during which some cycles are blocked 
and other cycles are not. The conventional HCM2010 approach used for stopping buses and parallel 
parking cars is to consider an average capacity over the course of the analysis period based on (8). Then 
the average delay is calculated by assuming that every cycle in the period has the average capacity. The 
resulting average delays are shown by the dashed horizontal lines in Figure 9. Again the example uses 
the two lane street shown in sections 2 and 3. A range of delivery durations in a period of length ܶ = 60
minutes are considered from ݐௗ = 0 (no delivery) to ݐௗ = 60 minutes (freight delivery during the entire 
analysis period).
The calculation of delay based on the average capacity does not accurately reflect the dynamics of 
queuing around the delivery vehicle during a freight delivery compared to the baseline conditions. In 
order to calculate the average delay in a way that is consistent with traffic flow theory, the Detailed 
model requires that the delays be calculated separately for the blocked cycle as in (18) and for the base-
line condition as in (4). A weighted average is then calculated based on the number of vehicles that 
arrive during the blockage and during the remainder of the period. If the arrival rate is constant, this is 
the same as using the total duration of deliveries, ݐௗ, as the weight for the blocked delay and the remain-
ing unblocked duration of the period, ܶ െ ݐௗ, as the weight for the unblocked delay.
The average delay is shown by the decreasing solid curves in Figure 9. Note that when ݐௗ = ܶ, the 
All or Nothing model and the Detailed model produce the same curves as for the single cycle, as shown 
in the Figure 8. For any duration ݐௗ߳(0,ܶ), the All or Nothing model does not provide the same delay 
estimate as the Detailed model when ݔ஽ = 0. In fact, the simple All or Nothing model underestimates 
the delay impact of freight deliveries that are close to the intersection and overestimates the delay impact 
of deliveries that are further from the intersection. Therefore, the All or Nothing model provides neither 
a conservative or optimistic estimate of delay impacts from freight deliveries; it is a coarse approxima-
tion of the actual impacts, which are quantified more precisely by the proposed detailed approach. The 
error in this numerical example is as much as 10% when the duration of the delivery is ݐௗ = 30 minutes 
with in the period ܶ = 60 minutes.
Figure 9: Comparison of delay during an analysis period of ࢀ = ૟૙ minutes for different delivery durations ࢚ࢊ
using the two methodologies presented
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5 Observed and Simulated Capacity and Delay
The effect of blocked lanes due to stopped delivery vehicles has also been observed in field observations, 
and microsimulation confirms the relationship between the location of the blockage and the effect on 
capacity and delay. Live video feeds from the New York City Department of Transportation’s Transpor-
tation Management Center are available for streets all over Manhattan.2 Six hours of continuous video 
recording from the vantage point of cantilever mounted traffic signal over 8th Avenue between 36th and 
37th streets was recorded by NYCDOT and shared with the authors. Between 10am and 4pm on Tues-
day, August 11, 2015, there were 14 observed on-street deliveries lasting an average of 12.4 minutes.
Data from these observations was used to build a microsimulation model of the arterial in AIMSUN 
as shown in Figure 10. At this location, 8th Avenue has 4 through lanes heading in the northbound direc-
tion (toward the right of the figure). An auxiliary left turn lane exists at the intersection with 37th Street, 
which runs one-way in the westbound direction. The signal timing in the corridor is an 84 second cycle 
with 45 seconds of effective green time.
Simulations were run for a baseline case in which no blockages occurred. Then, a series of simula-
tions were run to evaluate the effect of a blocked lane associated with a stopped delivery vehicle at 
distances from 0 to 100 feet from the intersection stop line. Figure 11 shows how the capacity of the 
arterial and the delay per vehicle were affected by the presence and location of the stopped delivery 
vehicle. The left figure shows how the saturation flow rate increases as the vehicle moves further back 
from the stop line. This is consistent with the relationship associated with the Detailed model as shown 
in Figure 7. The right figure shows how the simulated delay decreases as the delivery vehicle’s location 
moves further from the stop line, approaching the baseline delay that is associated with no delivery. The 
simulated effect of delivery location on delay is also consistent with the Detailed model as shown in 
Figure 9. Clearly the location of the vehicle delivery matters, and this supports the need for a model that 
accounts for this effect rather than simplifying the analysis with the All or Nothing approach.
                                                          
2 www.nytmc.org
Figure 10: AIMSUN model of 8th Avenue between 36th and 37th Streets, New York
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In addition to the simulation evaluation, a number of qualitative observations were made of the urban 
freight deliveries in New York City:
1. Freight vehicles stop to make deliveries at locations that are randomly distributed along the 
length of the block or street segment.
2. The duration of deliveries is typically longer than a signal cycle, and often lasts for many 
signal cycles.
3. The blocked lane has different effects on traffic moving in different lane groups; e.g., turn-
ing vehicles must merge with through lanes to get around delivery vehicles before returning 
to their desired lane.
4. Drivers appear to have different propensity to use the open street space in front of a delivery 
vehicle depending on the location and road conditions.
For these reasons, urban freight deliveries are different from other types of lane blockages, such as 
buses stopping for passengers or vehicles stopping to park. These specific characteristics are reasons 
that the existing HCM2010 methodology is not sufficient to model the capacity and delays for urban 
freight deliveries, and the proposed Detailed model addresses these shortcomings.
6 Conclusions and Future Work
This study addresses the problem of urban freight deliveries in urban areas blocking traffic, which re-
duces street capacity and imposes delays on vehicles. Although urban freight is gaining increasing at-
tention in the literature, there remains a need for methods to quantitatively assess the impact of delivery 
vehicles blocking lanes of traffic on the performance of signalized arterials. Deliveries occur at locations 
that may be anywhere along the length of a block (i.e., ݔ஽ is a variable); delivery durations often last for 
several minutes (i.e., ݐௗ is greater than a signal cycle length, sometimes very much so); and blocked 
lanes affect the capacity to serve different lane groups (i.e., ܿ௧ does not necessarily equal ܿ௦௥).
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Currently, the HCM2010 does not have any specific recommendations for accounting for urban 
freight except to account for the heavy vehicle percentage in the traffic stream. The nearest traffic impact 
that is presented in the HCM2010 is to account for lanes that are blocked by buses that stop for passen-
gers. A similar method is developed along the same lines for urban freight deliveries called the All or 
Nothing model. However, we show that this provides only a coarse accounting of the impact of the 
freight delivery on capacity and delay. An approach that is consistent with the dynamics of queuing on 
the link is presented as the Detailed model. This model is a little more complex than the All or Nothing 
approach, but it still results in closed form analytical formulas for capacity and delay. The results show 
that the Detailed model can account for many of the characteristics of urban freight deliveries that were 
observed in the field but not accounted for with the simplistic All or Nothing method.
The purpose of this paper is to draw attention to the problem of urban freight deliveries and propose 
an initial model to quantify the impacts of deliveries on arterial performance. This model is important, 
because we need to be able to quantify the effect of freight deliveries on traffic in order to design appro-
priate policies and management strategies to deal with the problem. For example, some researchers have 
investigated the potential of shifting deliveries to off-hours when traffic volumes are lower, but this 
model will be useful in helping to quantify the value of making that shift in addition to the impacts of 
delivery vehicles on congestion during their travel. As a result it will be possible to identify how much 
it is worth paying carriers or receivers to change their behavior or which locations and times of day 
should be targeted for such a program.
Many questions still remain, including an analysis of the impact of delivery location on the upstream 
network. The proposed models are deterministic analytical models based on traffic flow theory. More 
extensive analysis with microsimulation and field data collection are necessary to assess how well these 
theoretical models represent real delay impacts on real city streets. The results are likely to be affected 
by factors such as merging behavior and drivers’ willingness to use street space in front of parked de-
livery vehicles. Nevertheless, the models presented in this paper provide a step forward in developing 
tools to account for urban freight deliveries in the capacity and delay analysis of urban streets.
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